This study tested the hypothesis that intraspecific variations in mating systems are correlated with differences in the capacity of peripheral arginine vasopressin (AVP) to facilitate partner preferences. It has been hypothesized that differences in environmental conditions, Kansas being more xeric than Illinois, are responsible for some of the intraspecific differences in the mating systems between Kansas (KN) and Illinois (IL) prairie voles. We predicted that prairie voles from KN would be more behaviorally sensitive to peripheral AVP than prairie voles from IL. To test this hypothesis 60-to 120-day-old male and female, lab-reared, prairie voles originating from KN and IL received three subcutaneous injections of AVP or isotonic saline. Animals were then placed with an adult member of the opposite sex, designated a "partner," for a 1-hour period of cohabitation and subsequently tested for preference for the familiar partner versus a comparable stranger. Only KN males treated with AVP displayed a significant preference for the partner. Using the same experimental paradigm we also examined the ability of peripheral oxytocin (OT) to facilitate partner preference in KN prairie voles. OT facilitated partner preference in females, but not males. This finding was consistent with previous results describing the effects of peripheral OT in IL prairie voles. We also examined the hypothesis that the differential response of KN and IL males would be associated with differences in the distribution of AVP (V 1a ) receptors. However, there was no apparent difference in the distribution of V 1a receptors between KN and IL males. The results of this study indicate that there is both intraspecific and intersexual variation in the regulation of social behavior in prairie voles. In addition, these findings suggest that the proximate causes of intraspecific variation may be predicted by knowledge of the habitat of origin.
It has been argued that rather than displaying fixed reproductive strategies in response to different environmental conditions a given species may display intraspecific variation in mating strategies (Lott, 1991) . Flexibility in reproductive strategies would be adaptive if it increased reproductive success relative to individuals that utilize a fixed reproductive strategy. For this to occur two conditions must be met. First, there must be a mechanism by which the variation can be regulated and second, there must be a measurable difference in the habitat/environment in which the variation is expressed. While it has been argued that there are a number of ecological conditions, including patch size, resource quality, and habitat availability (Emlen and Oring, 1977; Borgia, 1979) , or ecological conditions, such as temperature (Wynne-Edwards and Lisk, 1989; Gubernick, Wright, and Brown, 1993) , that may regulate mating systems, there is little or no evidence to suggest an underlying physiological mechanism to control or stimulate intraspecific differences in mating strategies.
While there is evidence to support the role of environmental conditions as a selective force it remains hypothetical without an underlying physiological mechanism that can act to regulate the response. Mechanism can be addressed by studying the relationship between behavior and environment, which can then be linked to a predictable physiological response. In this study we propose to examine a possible mechanism for regulating intraspecific variation in reproductive strategies. Specifically we will examine the potential role of the neuropeptides arginine vasopressin (AVP) and oxytocin (OT) in regulating intraspecific variation in the mating strategy of two populations (Kansas and Illinois) of prairie voles (Microtus ochrogaster) .
These two populations are a good model system as they provide the necessary elements to examine the relationships between mechanism, behavior, and the environment. First, there are apparent differences in the mating strategies of these two populations. While prairie voles have been characterized as a socially monogamous/communal species based upon the appearance of high levels of social behavior, selective pair bonds, territorial aggression and mate guarding, biparental and alloparental behavior, reproductive suppression of subordinate family members, incest avoidance, and comparatively low levels of sexual dimorphism in body size (Dewsbury, 1981; Carter, DeVries, and Getz, 1995; , this characterization has been based upon prairie voles from Illinois (IL). Although prairie voles from Kansas (KN) do display monogamous tendencies, unlike IL voles, they also display many traits associated with polygyny. Polygynous traits displayed by KN prairie voles, but not IL prairie voles, include sexual dimorphism in body size (Roberts, Williams, Wang, and Carter, 1998a) , which has been positively associated with a polygynous mating strategy in microtines (Boonstra, Gilbert, and Krebs, 1993) ; males have larger home range sizes than females (Swihart and Slade, 1989) , while in the IL population there is no difference between sexes (Hoffmann, Getz, and Gavish, 1984) ; and KN males show higher levels of aggression than IL males (Gaines, Fugate, Johnson, Johnson, Hisey, and Quadagno, 1985) . Additional evidence suggests that there are other significant interpopulational differences in the social structure of these prairie voles. IL voles are repeatedly recaptured together (Getz, Carter, and Gavish, 1981) , but this has not been observed in KN voles (Gaines, personal communication) . Although this difference could be due to trapping techniques, it suggests a higher degree of social interactions in IL prairie voles. IL prairie voles are philopatric and rarely disperse (McGuire, Getz, Hofmann, Pizzuto, and Frase, 1993) . KN voles tend toward densityindependent dispersal (Gaines and Johnson, 1984) , while IL voles are more likely to disperse at low densities (McGuire et al., 1993) . Finally, in the laboratory, KN prairie voles are more exploratory than IL prairie voles (Carter, DeVries, Taymans, Roberts, Williams, and Getz, 1997) .
Second, there are climatic and habitat differences between the two areas. Kansas is drier and resources are more limited than in Illinois. In fact it has been hypothesized that the more xeric environment of Kansas explains, at least some of, the intraspecific variation in prairie voles (Roberts et al., 1998a) . Finally, a drier environment can be directly linked to specific physiological events that are associated with the need to conserve body water and to be metabolically efficient. One of the primary hormones associated with water balance is AVP. AVP, also known as antidiuretic hormone, regulates the retention of sodium and reduces water loss. However, in addition to affecting the kidney AVP also has been shown to play an important role in social interactions that are associated with monogamy. Using IL prairie voles it has been shown that the central administration of AVP facilitates the formation of partner preferences (Winslow, Hastings, Carter, Harbaugh, and Insel, 1993; Insel and Hulihan, 1995; Cho, DeVries, Williams, and Carter, 1999) .
Based upon the role of AVP in regulating water balance and social interactions, in combination with the known differences in social behavior and environmental conditions between KN and IL, we hypothesized that animals from KN would be more responsive to peripheral AVP. Two things should happen if rainfall is low in KN. First, the habitat will be at its lowest quality, which according to the theory on the development of monogamy should be a period when monogamy is most likely to occur (Lott, 1991) . Second, voles should produce and release more AVP into the peripheral circulation to conserve body fluids. Changes in circulating levels of AVP or relative sensitivity to AVP could be used by males to regulate their reproductive strategy. If KN prairie voles use AVP as a predictor of environmental conditions and the relative probability of reproductive success then the administration of peripheral AVP should stimulate the formation of partner preferences. In the IL population monogamy appears to be obligate; based upon this we predict that even though central AVP can stimulate the formation of pair bonds, IL prairie voles will not respond to peripheral AVP. Although central AVP may play a role in the establishment of pair bonds, the occurrence of monogamy in IL prairie voles appears to be independent of the environmental conditions and therefore peripheral AVP should only function in the maintenance of water balance and not facilitate the formation of pair bonds. It has been sug-gested that there is a relationship between the pattern of distribution of AVP receptors (V 1a ) within the central nervous system (CNS) and reproductive strategy. It has been demonstrated that there is a significant difference in V 1a receptor distribution between monogamous and polygynous species of voles (Insel, Wang, and Ferris, 1994; Insel, Winslow, Wang, and Young, 1998) , with monogamous species having a greater number of receptors. Any difference in response between prairie voles from the two populations may be associated with a difference in the pattern or density of V 1a receptors. Therefore we examined the distribution of V 1a receptors of KN and IL prairie voles.
In addition to AVP, a second related neuropeptide, oxytocin (OT), has a variety of reproductive and homeostatic functions, including the capacity to increase metabolic efficiency (Uvnas-Moberg, 1998) . OT also has been implicated in pair bonding, especially in females (Williams, Insel, Harbaugh, and Carter, 1992; Insel and Hulihan, 1995) . In prairie voles both sexes also have OT receptors and centrally administered exogenous OT can increase partner preferences in IL voles (Cho et al., 1999) . Finally, it has been recently shown that peripheral OT can facilitate partner preference in female but not male IL prairie voles (Cushing and Carter, 2000) . A comparison of the response of KN prairie voles to peripheral OT provided additional information about the similarities or differences in the mechanism of formation of social bonds.
METHODS
We conducted two experiments to test our predictions. In Experiment 1 we tested the effects of peripheral AVP on the formation of partner preferences in males and females from IL and KN. Experiment 2 was designed to test the effect of peripheral OT on the formation of partner preferences in KN prairie voles. Tests were conducted only on KN prairie voles, as it has been previously shown that peripheral OT facilitates pair bond formation in IL female, but not male, prairie voles (Cushing and Carter, 2000) . In both experiments animals were given three subcutaneous injections of the peptide or the vehicle control. The animals were then randomly assigned a partner for a brief (1 hour) cohabitation.
Subjects
Animals used in this study were laboratory-reared, F 3 or F 4 generation animals that originated from wild stock trapped near Urbana, Illinois, and Lawrence, Kansas. Female and male prairie voles were weaned at 21 days of age and housed in same-sex sibling pairs until testing. Animals were maintained on a 14:10 light:dark cycle and provided high-fiber rabbit chow and water ad libitum. Experimental subjects and stimulus animals were sexually naive and gonadally intact and were tested between 60 and 120 days of age. All treatment groups contained 8 animals per group. In addition to the behavioral comparisons, we also compared the distribution of V 1a receptors in 6 KN and 6 IL males. Recent studies have indicated that monogamous and polygynous species, especially males, display a different pattern of AVP (V 1a ) receptors.
Treatment
Experiment 1: AVP. Experimental animals were randomly assigned to one of four treatment groups. Animals received either a total of three subcutaneous injections of isotonic saline (50 l, vehicle control) or one of three doses of AVP (1, 5, or 10 g). All AVP doses were dissolved in 50 l of isotonic saline. The doses provided were chosen because they fall within the levels used in other studies which have elicited results using peripheral AVP (Boer, Quak, De Vries, and Heinsbroek, 1994; Stribley and Carter, 1999) . Injections were given 2 h apart starting at 0700 h. One hour after the final injection animals were placed with an adult member of the opposite sex from the same population, KN with KN or IL with IL, for a 1-h period of cohabitation; this member of the opposite sex was designated the familiar "partner." This period of cohabitation was used because it has been previously shown that, unless animals are treated with hormones, this period of time is insufficient to produce a partner preference (DeVries, Johnson, and Carter, 1997) . After the 1-h cohabitation, animals then participated in a 3-h preference test (described below).
Experiment 2: OT. KN males and females were treated as described in Experiment 1, except that instead of AVP they were subcutaneously injected with one of three doses of OT (1, 5, or 20 g). All OT doses were dissolved in 50 l of isotonic saline. The injection schedule and the handling of animals postinjection were the same as those for animals treated with AVP. One hour after the final injection males and females were treated as described above and then participated in a 3-h preference test (described below). Because the effects of peripheral OT on pair bonding in IL prairie voles have been recently reported (Cushing and Carter, 2000) only the effects on KN prairie voles are presented here.
Experiment 3: V 1a receptor distribution. Adult male KN and IL voles (n ϭ 6 each) were decapitated and their brains quick frozen on dry ice. Brains were stored at Ϫ80°C until sectioning. They were sectioned (20 m) on a cryostat. Slide-mounted sections were then processed for receptor autoradiography using 125 I-labeled linear vasopressin V 1a receptor antagonist (HO-phenylacetyl 1 -D-Try(ME) 2 -Phe 3 -Gln 4 -ASN 5 -Arg 6 -Pro 7 -Arg 8 -NH 2 , NEN); for full details, see Young, Winslow, Nilsen, and Insel (1997) . Sections were lightly fixed in 0.1% paraformaldehyde (pH 7.4) for 2 min, prewashed in Tris-HCl (pH 7.4), and then incubated at room temperature in 50 pM 125 I antagonist in Tris with MgCl 2 (10 mM), BSA (0.1%), and bacitracin (0.05%) for 60 min. After air drying, the slides were exposed to BioMax MR film (Kodak, Rochester, NY) for 48 h. Included in the cassette were 125 I autoradiographic standards (Amersham, Arlington Heights, IL) for quantification. Total binding was quantified in the lateral septum (LS), diagonal band, and laterodorsal thalamus (LD) by averaging bilateral measurements on four different sections for each animal on films using NIH image software as previously described . Specific binding was calculated by subtracting nonspecific binding measured from an adjacent area devoid of V 1a receptor. These regions were chosen for quantification because each of these areas has shown significant variability in expression across different vole species.
Tests of Social Preferences
Following the cohabitation period, social behaviors and preferences were assessed using a y-shaped test apparatus consisting of three polycarbonate rodent cages (20 ϫ 25 ϫ 45 cm). Two of the cages (stimulus) were placed in parallel with a third cage (neutral) attached separately to each stimulus cage by a plastic tube (15 cm in length and 7.5 cm in diameter) (Williams et al., 1992) . The two parallel chambers housed the stimulus animals. The "partner" and the "stranger" (a conspecific similar in sex, age, social history, and weight to the partner, but unfamiliar to the experimental animal) were tethered to restrict their movements to a single cage. At the beginning of the test, the experimental animal was placed in the third (neutral) cage and was free to move throughout the apparatus. Each animal was tested for 3 h (180 min). Preference tests were recorded using time-lapse video, at a 12:1 ratio, which condensed the 180-min test into 15 min. Tapes were scored by trained, but experimentally blind, observers, using the OBSERVER program (Noldus, The Netherlands). Observers were trained to at least 95% reliability prior to scoring data. Time spent in physical contact with each stimulus animal was scored and analyzed.
Statistics
Overall treatment effects of AVP and OT for time spent in contact with the partner or stranger were analyzed using an ANOVA. If a significant difference was found, then posthoc comparisons were made using Fisher's PLSD. Within treatment analysis was done with a paired t test comparing time spent with the familiar animal versus time with the stranger. V 1a receptor binding data was analyzed using a t test. Comparisons were considered statistically significant at P Ͻ 0.05.
RESULTS

Experiment 1: AVP and the Formation of Partner Preferences in IL versus KN Voles
A comparison of total time spent in physical contact with all stimulus animals (data from the vehicletreated control group), partner and stranger, showed that IL prairie voles display a higher degree of social contact than KN prairie voles (ANOVA: F(1, 28) ϭ 16.1, P Ͻ 0.001), but that there was no significant difference between the amount of social contact by sex within populations (ANOVA: F(1, 28) ϭ 1.6, ns) (Fig. 1) .
Across groups, treatment with AVP did not affect overall time spent in side-by-side contact with the partner in either IL or KN prairie voles (ANOVA: IL male, F(3, 28) ϭ 2.0, ns; KN male, F(3, 30) ϭ 1.02, ns; IL female, F(3, 28) ϭ 0.5, ns; KN female, F(3, 28) ϭ 1.2, ns) ( Figs. 2A-2D ). Time spent with the stranger was also unaffected by AVP in IL and KN males (ANOVA: F(3, 28) ϭ 0.9, ns; F(3, 30) ϭ 0.4, ns) and IL females (F(3, 28) ϭ 0.4, ns). However, KN females did show a significant effect of AVP on time spent with the stranger (F(3, 28) ϭ 5.4, P Ͻ 0.005). This effect was due to the increase in time spent with the stranger by females treated with 5 g AVP, when compared against the vehicle controls and the other doses of AVP (Fig. 2D) .
While in KN males AVP did not affect total time spent in contact with the partner, treatment with AVP did result in the formation of partner preferences in some groups. KN males treated with 1 and 10, but not 5, g AVP spent significantly more time in contact with the partner than the stranger (paired t test: t 8 ϭ 4.2, P Ͻ 0.005; t 8 ϭ 2.7, P Ͻ 0.05; respectively).
Experiment 2: OT and the Formation of Partner Preferences in KN Prairie Voles
Treatment with OT significantly affected time spent with the partner in female, but not male, KN prairie voles (ANOVA: KN female, F(3, 28) ϭ 3.2, P Ͻ 0.05; KN male, F(3, 28) ϭ 0.7, ns) (Figs. 3A-3B ). This effect was due to a significant increase in time spent with the partner in females treated with 5 g OT compared to saline-treated controls (P Ͻ 0.005) (Fig. 3B ). Females treated with 5 g OT also showed a partner preference, spending significantly more time with their partner than the stranger (paired t test: t 7 ϭ 3.2, P Ͻ 0.05).
Experiment 3. V 1a Receptor Distribution
There was no difference in the overall distribution of V 1a receptors between KN and IL male brains (Table  1 and Fig. 4 ) and the distribution of receptor binding in both groups was similar to that reported previously for IL prairie voles (Wang, Young, Liu, and Insel, 1997) . There were no significant differences in density of V 1a receptors in the LS, DB, or LD.
DISCUSSION
Intraspecific Differences in the Formation of Partner Preferences in Response to AVP or OT
The results of this study supported our prediction that peripheral AVP would be associated with the formation of pair bonds in KN, but not IL, prairie voles. We believe that the method of administration is a critical factor in the results of this study. Previous studies have shown that central administration (icv) resulted in the formation of partner preferences in IL prairie voles; given the similarity of V 1a receptor distribution in KN and IL prairie voles we predicted that KN prairie voles would, as did IL voles, form partner preferences in response to centrally administered AVP. In this study AVP was administered peripherally (sc) because it allowed us to test the hypothesis that animals from a population that was exposed to drier conditions, where AVP would be released from the posterior pituitary to reduce water loss, would respond to systemic AVP. However, AVP did not significantly facilitate the formation of partner preferences in KN females, although 5 g AVP was associated with a significant increase in time spent with the stranger. Intersexual variation in response to neuropeptides has also been observed in IL animals, as peripheral OT facilitated the formation of partner preferences in females, but not males (Cushing and Carter, 2000) . In the present study OT also facilitated the formation of a partner preference in KN females, but not KN males, suggesting that in addition to intraspecific variation there is also intersexual variation in the mechanism of partner preference formation. While not within the scope of this study this is perhaps not a surprising finding based upon the large body of theory and work on sexual selection and the varying reproductive goals of males and females (Trivers, 1972) .
Prairie Voles from KN, versus IL, Are Especially Sensitive to the Behavioral Effects of AVP
The ability of AVP to affect the formation of partner preferences supports the hypothesis that the hormonal processes responsible for pair bond formation in KN prairie voles may have been subject to selection pressure associated with the drier environment found in Kansas. While centrally administered AVP facilitated the formation of partner preferences in IL males (Winslow et al., 1993 ) the response of KN males, but not IL males, to peripheral AVP provides further support for our hypothesis. AVP released systemically from the posterior pituitary regulates the loss of sodium, and thereby water retention. When water conservation is necessary, as in a xeric environment, systemic levels of AVP should be higher or the species should show greater sensitivity to AVP. If there is a direct relationship between water retention and the formation of partner preferences then the animals should respond to peripheral AVP. By using AVP to regulate monogamous behaviors, such as the tendency to quickly develop partner preferences, male KN prairie voles may be able to adjust and maximize their reproductive output based upon environmental conditions. It has been argued that in poor, evenly distributed habitats, monogamy should be favored (Lott, 1991) . During drier periods the quality of the vegetation in Kansas would be at its lowest and population density low, which may favor a monogamous social system. When water is more abundant and habitat quality increases males may seek additional mates. This would suggest that KN prairie voles display facultative monogamy and that environmental conditions might be used to cue this response. In addition, these findings support the notion that AVP may have become especially important in the regulation of monogamous traits in males from a drier habitat. The more variable or environmentally responsive behavior of KN voles would be adaptive if it provided males with a mechanism to adjust their social strategy, in response to short-term changes in the availability of water, thereby maximizing reproductive effort.
AVP may not only provide KN prairie voles with the opportunity to adjust strategies in accordance with prevailing conditions, AVP also may have long-term developmental effects, which could influence the expression of traits associated with monogamy throughout the life of the individual. It has recently been shown that IL prairie voles that received postnatal injections of AVP displayed higher levels of aggression (Stribley and Carter, 1999) . Exposure to higher levels of, or an increased sensitivity to, AVP during the course of development also might explain reports that KN prairie vole males display high levels of aggression (Gaines et al., 1985) . Aggression toward strangers is differentially important in monogamous versus nonmonogamous animals. Nonmonogamous animals are more likely to be aggressive prior to mating, while monogamous animals may exhibit postcopulatory aggression and mate guarding. Environmental conditions alone probably do not explain the occurrence of monogamy, as other species of rodents occupying similar niches, such as the hispid cotton rat (Sigmodon hispidus), are polygynous. However, environmental conditions may influence the occurrence, or facilitate the expression, of monogamy. Kansas is at the southwestern limit of the prairie vole range, and variations in mating systems also seem to be associated with range extremes. For example, meadow voles (Microtus pennsylvanicus) show a significant degree of sexual dimorphism and have been classified as either polygynous or promiscuous (Boonstra et al., 1993) . In general, males are excluded from the nest and the offspring. However, in the northern part of their range the females may permit familiar males to enter the nest and help raise the offspring (Storey, Bradbury, and Joyce, 1994) . Biparental care may be facultative because in colder environments providing the offspring with additional warmth may increase survival. Temperature has also been suggested as a factor in the development of monogamy in California deer mice (Peromyscus californicus) (Gubernick et al., 1993) and in Djungarian hamsters (Phodopus campbelli) (Wynne-Edwards, 1995) . Interestingly in both cases the species are also found in dry environments. California mice inhabit chaparral, which undergoes significant dry periods. Djungarian hamsters are found in very harsh, dry, and cold environments and it has been argued that biparental care helps reduce water loss (Scribner and Wynne-Edwards, 1994) . Further, the closely related Siberian dwarf hamster (P. sungorus), which inhabits a wetter environment with predictable rainfall, is not monogamous. Wynne-Edwards (1998) suggested that increased moisture allows a female to raise a litter without the aid of a male. Finally, in Madagascar the rodent Hy- pogeomys antimena, found in deciduous dry forests, has been classified as monogamous, with pair bonds forming during the dry season and offspring being born just prior to the onset of the wet season (Sommer, 1997) . Results from these other species suggest the possibility that AVP may play a role in the expression of monogamy in other mammalian species that are limited by water.
Mechanism of AVP Action
While changes in behavior must ultimately be regulated by the central nervous system (CNS), peripheral AVP could be influencing behavior either by directly acting on the CNS or through a peripheral afferent system that feeds back to regulate a central response. It is possible that there is a difference in the permeability of the blood-brain barrier to AVP between the two populations, allowing peripheral AVP to produce a behavioral response in KN but not IL males. Alternatively, KN and IL prairie voles might differ in their sensitivity to or binding of AVP. It has been shown that species-specific patterns of V 1a (AVP) receptors are associated with social behavior (Young, Nilsen, Waymire, MacGregor, and Insel, 1999) . Montane voles (Microtus montanus) have a different pattern of V 1a receptor distribution than prairie voles and centrally administered AVP does not enhance affiliative behavior in montane voles. Additionally, transgenic mice that expressed prairie vole V 1a receptors showed increased affiliative behavior in response to centrally administered AVP. However, receptor autoradiography for males from the KN and IL populations, described here, indicated that the two populations had similar patterns of receptor binding. Thus, it is unlikely that gross differences in receptor distribution explain the observed population differences in the behavioral effects of AVP. Finally, it is possible that the central response is mediated through a peripheral mechanism. Systemically the effects of AVP are mediated by a number of different receptor types. V 2A receptors play an important role in sensory feedback in regulating sodium loss and water retention. It is possible that KN and IL prairie voles have a different pattern of V 2A receptors. A difference in the distribution or abundance of peripheral vasopressin receptors could result in a sensory feedback system that regulates behavioral responses in KN, but not IL, males. This type of difference in peripheral response systems has been hypothesized to be responsible for the difference in the response of males and females to peripheral OT (Cushing and Carter, 2000) .
Sexual Dimorphism as a Variable Trait
The sexual dimorphism in body size seen in KN, but not IL, prairie voles also supports the contention that AVP may be important in allowing a variable expression of monogamy. The production of AVP is, at least in part, regulated by androgen production; therefore, males produce more AVP than females (De Vries and Villalba, 1997) . Because KN, but not IL, males are larger than females (Roberts et al., 1998a) , and because sex differences in body size may reflect the actions of androgens, KN males may be more sensitive to AVP than IL males. These findings suggest that KN males are either more sensitive to AVP or produce more AVP than IL males. Boonstra et al. (1993) examined the relationship between sexual dimorphism and mating strategies. They found that a high degree of sexual dimorphism was associated with either polygyny or facultative monogamy, while a lack of sexual dimorphism was associated with monogamy. The intraspecific variation in sexual dimorphism between IL and KN prairie voles fits this pattern. Sexual dimorphism and androgen-dependent actions of AVP also may explain why KN males, but not females, formed partner preferences in response to peripheral AVP.
OT and Behavior
The behavioral strategies of females differ from those of males and may rely on sex differences in hormones such as AVP and OT, which are regulated by gonadal steroids. While AVP is androgen dependent and higher in males than females, OT is particularly important in female reproductive processes. AVP is very reactive to stressors, such as drought, while the release of OT appears to be associated with social stressors, such as fear or novel stimuli (Yagi and Onaka, 1999) . Thus, OT is less likely than AVP to be involved in the regulation of behaviors that are reactive to environmental perturbations.
When given centrally, a single dose of OT has behavioral effects (Cho et al., 1999) . However, consistent with a larger literature on OT (Leng and Brown, 1997) the behavioral effects of peripheral OT seem to require repeated or pulsed exposure to the peptide. Both KN and IL females were capable of responding to repeated OT, although there is some indication that there are dose-dependent differences in the response of female IL and KN prairie voles, as IL females formed partner preferences in response to a larger range of doses (Cushing and Carter, 2000) than KN females. The present studies support earlier indications that in female prairie voles the mechanisms for inducing the development of partner preferences are normally more dependent on OT than AVP (Winslow et al., 1993; Insel and Hulihan, 1995) .
Intraspecific Comparisons of Social Behavior and Reproduction
Both male and female IL prairie voles exhibited more social contact than animals originating in KN. A comparison of total time spent in physical contact, summing the time with partner and stranger, between control groups supported previous studies indicating that there is significant intraspecific variation in the social systems of prairie voles from different habitats. While a lower level of social interaction does not imply that KN prairie voles are not monogamous, reduced social interaction does suggest that the mechanisms underlying pair bond formation varies between populations and that perhaps the mating system of KN prairie voles is more variable than that of IL prairie voles. Differences in social interaction have also been described in the expression of alloparenting between KN and IL prairie voles (Roberts et al., 1998a) .
While results from this study suggest that AVP may be involved in regulating the differences in partner preference formation there is also evidence that differential sensitivity to other hormones involved in reproduction, such as estrogen, also exist. Female prairie voles require social contact with, and urinary cues from, an unfamiliar male for the onset of estrus (Carter, Witt, Schneider, Harris, and Volkening, 1987; Carter, Witt, Manock, Adams, Bahr, and Carlstead, 1989) . Sexually naive KN females achieve sexual receptivity in response to lower doses of exogenous estrogen than do IL females (Roberts, Cushing, and Carter, 1998b) , suggesting that less interaction may be required to achieve sexual receptivity in KN than in IL prairie voles. A reduction in the amount of contact required between males and females could explain, in part, why the mating system of KN prairie voles has been harder to define and may differ from that of IL prairie voles. It is possible that KN prairie voles show more variation in their mating system, with more dependence on environmental conditions and less reliance on social cues.
